After the volcanic eruptions of Mt. El Chichon in Mexico, increase of stratospheric aerosols has been measured by a UV lidar at a wavelength of 340.5nm at Fukuoka (33.65*N, 130.35*E) since October 1982. The altitude of the maximum backscattering ratio (Rmax* 3.5) was 24km in October 1982, and it decreased to 20km in January 1983. The value of Rmax-1 decreased by a factor of 2.4, but large changes of aerosol backscattering coefficient integrated over an altitude range of 15-30km were not recognized during this period. A brief consideration is given on this lowering of the aerosol layer.
Introduction
After the violent volcanic eruptions of El Chichon in Mexico (17.33*N, 93.20*W) in the late March and early April 1982, enhanced stratospheric aerosols have been monitored by ground-based ruby (lasing wavelength *= 694.3nm) or Nd : YAG lidars (*=1064 or 532 nm) and dye liflar (*=589nm) (D'Altorio and Visconti, 1983 , Hirono and Shibata, 1983 , Clemesha and Simonich, 1983 , Iwasaka et al., 1983 , SEAN Bulletin 1982 , 1983 and by the airborne lidar system (McCormick and Swissler, 1983) . By these lidars, visible or nearinfrared optical informations of stratospheric aerosols and their space-time variations can be obtained (Hirono and Shibata, 1983) . It is usually difficult to measure the background level of stratospheric aerosols by a ultraviolet (UV) lidar, since Rayleigh scattering prevails over Mie scattering in the stratosphere. However after the large volcanic eruptions, UV lidar measurements of stratospheric aerosols are possible.
Preliminary measurement of stratospheric aerosols by a frequency-doubled ruby lidar (*=347.1nm) was reported (Iwasaka et al., 1983) . In order to obtain UV optical properties of stratospheric aerosols, measurements have been made at Fukuoka (33.65*N, 130.35*E) by a p-terphenyl dye laser at a wavelength of 340.5nm. Observational results during October 1982 through May 1983 are shown in this paper and will be compared with the results obtained by a ruby lidar at Tsukuba (36.05*N, 140.13*E) in a companion paper.
UV lidar system
A UV lidar was constructed at Fukuoka in October 1982 for measurements of atmospheric ozone and aerosols.
The transmitter was placed on the third floor and the receiver on the house top on the building. The main transmitter system made use of excimer lasers such as XeC1 (*=308nm) or KrF (*=248nm) (Uchino et al., 1983) . Efficient dye lasers were obtained over a wavelength range from 340nm to 710nm when a discharge pumped XeC1 laser was used as a pumping source (Uchino et al., 1979) . The dye laser cavity consisted of a highly reflected dielectric coated mirror and a quartz plate. The cavity length was 12cm. The dye concentration in cyclohexane was 2*10-3M/l.
The dye solution was circulated by a pump. Without a tuning device, the central wavelength of the p-terphenyl laser was 340.5nm and the spectral bandwidth was 3.8nm.
The output energy of the laser was 10-20mJ with the pulse width of 26ns (FWHM). The pulse repetition frequency was 5pps. The laser beam was collimated within 0.6mrad and transmitted upwards with a steerable plane mirror. The photons backscattered from the atmospheric molecules and aerosols were collected by a 50cm diameter telescope and focused on a photomultiplier (PMT, EMI9558QB) through an iris (field of view=4.8mrad) and an interference filter. The output signal from the PMT was measured by a photon counter.
The channel number of the photon counter was 1000 with the vertical range resolution of 750m. The data were memorized into a floppy disk and analyzed by a computer.
Observations
The scattering ratio R(z) at an altitude of z km is defined by standard deviations were calculated by a weighted mean method (Russell et al., 1979 , Shibata et al., 1980 . The second scattering ratio R2(z) was calculated taking also aerosol extinction coefficient *A(z) into account using a parameter of A=*A/*A* Until the condition of |Rn(z)-Rn-1(z)| *O(10-4) was achieved, the above procedures were iterated. Assuming both 75% H2SO4-25% H2O sulfuric acid particles and two size distribution functions of aerosol particles, the values of A were calculated using Mie scattering theory.
The assumed size distribution functions correspond to a power law and a bimodal (Hofmann and Rosen, 1983) and channel ratio N0.15/N0.25 are respectively 7.72 and 1.59 where Ns denote number of aerosol particles per cm3 greater than s *m in radius, and the values of A are 38. 4 and 22.7, respectively (M. Fujiwara and N. Fujiwara, private communication, 1983) . For three values of A=0, 22.7 and 38.4sr, the vertical profiles of R(z) on November 2, 1982 are shown in Fig. 1 . For these values of A the maximum scattering ratio Rmax differs from about 18% at an altitude of 25km. Except four data of November 2, and 17, January 24, and February 28, the differences of Rmax for other data were within 10% for these A values. For the above four data, it changed from 18% to 28%. Although A is dependent on time and space following figures where *M is molecular backscattering coefficient and *A aerosol backscattering coefficient. The scattering ratio was determined by the following procedure.
Initial scattering ratio R1(z) was calculated with the consideration of molecular extinction coefficient *M(z) and ozone absorption coefficient *3(z). Molecular density was determined by the daily rawinsonde data in Fukuoka Meteorological Observatory, and a fixed ozone model was used. The ozone optical thickness over an altitude range of 10-38km is 0.01 at 2=340.5nm.
For a 100% variation of ozone density, the ozone optical thickness changes by 0.01. R1(z) and its are shown for A=22.7sr. Fig. 2 shows vertical profiles of R(z) during October 1982 through May 1983. The bars in the figure represent one standard deviations of R(z). An important factor for large standard deviations above 25km was background noise, since the interference filter bandwidth (*=16nm) is broad. Sharp structures of aerosol layers were observed in October 1982. The maximum scattering ratio was 3.70 at an altitude of 24.4km on October 21. The altitude of Rmax, that is, Zmax in Fig. 3 
Discussion
Lowering of Zmax from 24km to 20km occured in about 3 months.
If this lowering was caused by the sedimentation of aerosol particles, the median radius *m of aerosol particles could be estimated as follows. The mean sedimentation time t averaged over the various aerosol radii with the aid of the size distribution function, n (*), from zl through z2 is expressed by where *se is the sedimentation velocity which is proportional to *, specific gravity of aerosol particles *s, and inversely proportional to atmospheric density nG(z). Using a constant atmospheric scale height H, nG(z)=nG(0) exp [-z/H] where nG(0) =4.05*1018/cm3 at a height of 15km, and H=6.47km for T=221*K. For a lognormal size distribution defined by n(*)* * -1exp [ -ln (*/*m)2/2(ln*)2] (Hofmann et al ., 1983) , t becomes where all parameters are represented in c.g.s. units and *s=1.5g/cm3 is assumed. For sedimentation of aerosol particles of same radius, t is expressed by a form except the last exponential term in the above equation. In order to explain the observed lowering of the aerosol layer from October 1982 to January 1983, *m is estimated to be 1.0*m for 6=1.50, and *m =1.19*m for *=2.0.
On the other hand if *m is assumed, the time variation of z2-Zmax can be calculated.
The curves in Fig. 3 show Zmax for three values of *m where zl was fixed to be 24.27km at the end of October 1982 and *=1.5.
A curve of *m= 1.0*m is similar to the observed time variation of Zmax during October 1982 through January 1983. For *=2.0, a curve of *1.2 * m is satisfied for the lowering of the aerosol layer.
The difference of t between *=2.0 and *=1.5 is that t for *=2.0 is about 17% longer than that for *=1.5.
If the same discussion is given on the Zmax observed by a ruby lidar at Mauna Loa observatory (19.5*N, 155.6*W) during October 1982 through February 1983 (SEAN Bulletin, 1982 , 1983 , the values of *m is estimated to be about 0.4*m for *= 1.5 and 0.5*m for *=2.0.
From the difference of estimated values of *m between Mauna Loa and Fukuoka, the lowering of the aerosol layer could not be explained only by the effect of sedimentation of aerosol particles if the latitudinal variation of n (*) is small. The difference of n(*) between Fukuoka and Mauna Loa might be small during October 1982 through February 1983 As one of the other physical processes, atmospheric vertical advection w could be considered.
The upward advection in an altitude range of 20-25km at about 20*N (Mauna Loa) is about 0.75km in 4 months from October 1982 through February 1983 according to the results simulated by Kida (1983) . Taking physical processes of atmospheric upward advection and sedimentation of aerosol particles, a value of *m=0.6*m is adequate to explain the lowering of Zmax observed at Mauna Loa.
This value of *m=0.6*m is nearly equal to *m which was optically estimated from a bimodal size distribution observed in an altitude range of 21.5-24.5km at 28.5*N on October 23, 1982 by Hofmann and Rosen (1983) .
If *m is assumed to be 0.6*m, net difference of Zmax in 3 months between *m= 0.6*m and *m= l . 0*m is about 1.5km at Fukuoka as shown in Fig. 2 . Then the downward advection is estimated to be 1.5km/3 months=0.019cm/s. This value is roughly comparable with w (0.015cm/s at an altitude range of 22km in 33*N) simulated by Kida. As another explanation, the lowering of the aerosol layer might be thought by the lowering of the isentropic surface when the season changed from autumn to winter.
But the relation between the lowering of the isentropic surface and that of the aerosol layer is beyond this paper.
Next, the effects of enhanced aerosol layers on total ozone measurements will be discussed. The total ozone column density in the atmosphere (total ozone, X) is estimated by measuring the solar direct beam intensity in the UV region by a Dobson spectrometer.
In geneal, A (305.5 & 325.4nm) and D (317.6 & 339.8nm) wavelength pairs are used. Then we have where XM is the total ozone estimated by neglecting extinction due to aerosols * and * is ozone absorption coefficient, and (*-*)A-(*-*)D=1.388cm-1 atm-1 (Kulkarni, 1973) . * Was estimated from lidar measurements at A=340.5nm using a relation of *=*A/ln10. The factor of In 10 appears in the above because a is measured based on log10.
If VA is assumed to be inversely proportional to wavelength, the total ozone is underestimated by 0.13 D. U. (10-3atm-cm) due to the extinction of stratospheric aerosols. Since total ozone is of the order of 300-400 D. U. in midlatitudes, the effect of aerosols on total ozone measurement is small.
In the Umkehr vertical ozone profile large errors will be caused by the increased stratospheric aerosols. DeLuisi (1979) simulated that a 0.020 stratospheric optical depth can produce a -15* fictitious change in ozone concentration at an altitude of 45km. As the stratospheric optical depth over an altitude range of 15-30km *Adz=22.7*B*0.09 from lidar observations, a fictitious change in ozone concentration at 45km will about -65.7%. 
